
There are many ways 
to measure aging: 

What test/algorithm is 
best and why?



We All Know Why Measuring the Biological Aging Process 
Matters: Aging Sucks  



What Commercial Biological age tests are available?



What is a Biomarker?
Biomarkers have been 
defined as: “indicators 
of biological and 
pathogenic processes, 
or pharmacologic 
responses to a 
therapeutic intervention 
that defines what is 
normal while predicting 
or detecting what is 
abnormal.”



The History Of Biological Age Measurements

During the past decades, extensive effort has been made to identify such aging biomarkers that, 
according to the stage-setting definition (Baker and Sprott, 1988), are “biological parameters of an 
organism that either alone or in some multivariate composite will, in the absence of disease, better 
predict functional capability at some late age, than will chronological age”. Later on, the American 
Federation for Aging Research (AFAR) formulated the criteria for aging biomarkers as follows:

1. It must predict the rate of aging. In other words, it would tell exactly where a person is in their total 
life span. It must be a better predictor of life span than chronological age.

2. It must monitor a basic process that underlies the aging process, not the effects of disease.

3. It must be able to be tested repeatedly without harming the person. For example, a blood test or an 
imaging technique.

4. It must be something that works in humans and in laboratory animals, such as mice. This is so that 
it can be tested in lab animals before being validated in humans.



What is Biological Aging?
How do we best measure it?



Aging is EXTREMELY Complex



The Advent of AI and Computer Learning is 
making this easier!



Measurement means nothing without interpretation of the data



Proteomics Clocks

“There were cases of substantial divergence between 
participants’ chronological and physiological age — 
for example, among the subjects in the LonGenity 
study, with their genetic proclivity toward 
exceptionally good health in what for most of us is 
advanced old age.

“We had data on hand-grip strength and cognitive 
function for that group of people,” Wyss-Coray. 
“Those with stronger hand grips and better measured 
cognition were estimated by our plasma-protein clock 
to be younger than they actually were.” 

However, the protein-derived age variable 
itself was not tested for associations with 
health outcomes.



Methylation as a Biomarker Beyond Aging



Proteomics as a Biomarker 



What are our tools to validate which of 
these Omics is best?

How widely 
has this been 
validated?

Phenotypically 
trained?

Do these respond to interventions we know beneficially 
affect biology of aging? (Separate of disease)



There is already a Consensus of the Best Aging Clock…



Other “Omics” Age Predictors



What Commercial Biological age tests are available?



Methylation: Strength and Weaknesses 
Strengths Weaknesses

● Highest ICC Values 

● Highest Hazard Ratios to Disease

● Extremely Well Validated 

● Most Interventional Studies

● Phenotypically traiined

● Commercially Validated Algorithms 
Available

● Many Different Reporting Insights

● 1st generation clocks might not 
respond to validated anti-aging 
interventions

● Immune cells can confound

● Causal?

● Precision has been traditionally poor

● Difference among the many clocks are 
confusing



The History of Epigenetic Clocks 
Landscape of Clocks

1st Gen. Clock
Trained using Chronological Age

Age ~ CpG Methylation + Age + Sex 
+ …

2nd Gen. Clock
Trained using Aging Phenotypes

Biomarker ~ CpG Methylation + Age 
+ Sex + …

3rd Gen. Clock
Trained using Aging Phenotype and 

measurements, produces a 
instantaneous rate of aging 

Bergesma and Rogaeva, 2020



The DunedinPACE is the Most Predictive Clock
DunedinPACE associations with 
health-span endpoints were 
little-changed by covariate adjustment 
for the Horvath, Hannum, or PhenoAge 
Clocks. In models adjusted for GrimAge, 
DunedinPACE associations with 
mortality, CVD, and disability were 
attenuated, but remained statistically 
different from zero (mortality HR = 1.24 
[1.49–1.74], CVD HR = 1.18 
[1.05–1.34], Nagi ADL IRR = 1.27 
[1.02–1.58], Katz ADL IRR = 1.26 
[1.02–1.54], Rosow-Breslau ADL IRR = 
1.27 [1.08–1.50]); associations with 
stroke were similar to unadjusted models 
(HR = 1.33 [1.05–1.69]). Results for all 
models are reported in Supplementary 
file 1C. Thus, Dunedin PACE adds 
incremental prediction over and above 
all clocks studied here.”

https://elifesciences.org/articles/73420/figures#supp1
https://elifesciences.org/articles/73420/figures#supp1


The DunedinPACE is the Most Predictive Clock

Dunedin Study members with methylation 
data at age 45, N = 817 had measured Pace of 
Aging (M = 0.99, SD = 0.30). This group 
formed the analysis sample to develop 
DunedinPACE.



One-leg Balance Test

Pace of Aging 26 - 45          R = 0.36, p < 0.001
Each plotted point represents 20 study members

B
et

te
r 

B
al

an
ce

Faster Pace of AgingSlower Pace of Aging



Pace of Aging 26 - 45 R = 0.07, p = 0.033
Each plotted point represents 20 study members

Grip Strength



Cognitive Decline 
(IQ Change from Childhood to Age 45)

Pace of Aging 26 - 45 R = 0.16, p < 0.001
Each plotted point represents 20 study members



Cortical Thickness and Surface Area of the Brain 



10 slowest-aging
cohort members

10 fastest-aging
cohort members

10 average-aging
cohort members

Significant Variation in Facial Aging



The DunedinPACE has the Highest Correlations to 
Quality of Life Metrics



The DunedinPACE has the Highest Correlations to 
Quality of Life Metrics



Weakness #1: 1st generation clocks might not respond 
to validated anti-aging interventions

***This is EXTREMELY important



The DunedinPACE is modifiable by interventions which we already 
KNOW improve healthspan and lifespan

Change from baseline to 12- 
and 24-month follow-up in 

DunedinPACE (Pace of Aging) 
measures of aging in ad libitum 
(AL) and caloric restriction (CR) 
groups in CALERIE Trial (Waziry, 

R., et al.)



The DunedinPACE is modifiable by interventions which we already 
KNOW improve healthspan and lifespan
CALERIE RCT of caloric restriction (N=197)



The History of Epigenetic Clocks 
Landscape of Clocks

1st Gen. Clock
Trained using Chronological Age

Age ~ CpG Methylation + Age + Sex 
+ …

2nd Gen. Clock
Trained using Aging Phenotypes

Biomarker ~ CpG Methylation + Age 
+ Sex + …

3rd Gen. Clock
Trained using Aging Phenotype and 

measurements, produces a 
instantaneous rate of aging 

Bergesma and Rogaeva, 2020



The DunedinPACE is the Most Precise Clock



Impressive Clock Improvements

We mentioned that one problem of the clocks in noise from 
each sample and the need for large cohorts to analyze 
interventions.  

New improvements at Yale have increase the precision of the 
published clocks significantly.

Using principal component (PC) analysis, they have been 
able to increase all ICC values above .95 which is considered 
excellent.  

It is a major step forward and reduces sample sizes needed 
for statistical analysis by approximately 1/20th.

It needs much more CpG coverage. Around 80,000 CpGs.   



Methylation: Strength and Weaknesses 
Strengths Weaknesses

● Highest ICC Values 

● Highest Hazard Ratios to Disease

● Most Validated 

● Most Interventional Studies

● Phenotypically trained

● Commercially Validated Algorithms 
Available

● Many Different Reporting Insights

● 1st generation clocks might not 
respond to validated anti-aging 
interventions

● Immune cells can confound

● Causal?

● Precision has been traditionally poor

● Difference among the many clocks are 
confusing



Telomere: Strength and Weaknesses 
Strengths Weaknesses

● The Most Validated 

● Commercially Validated Testing is 
Available

● Type of cells can confound

● Lowest Hazard ratios to disease

● Causal?

● Correlation to age (r2) is poor 

● 2 different methods (qPCR vs FISH) 
provide very different results

● Critically short telomeres might be 
more important



Telomeres: What does this tell us?

All  cells have have a finite replicative potential; it is predictable based 
on the length of telomere repeat DNA. 

Telomeres define the ends of chromosomes and function to preserve 
genome integrity; they are comprised of TTAGGG sequences that are 
bound by specialized proteins. 

Telomere length (TL) shortens during DNA replication and, at a critical 
threshold, the shortest telomere(s) activate a DNA damage response 
that signals cell death or a permanent cell cycle arrest, known as 
cellular senescence 

The observations in cultured cells, and the fact that TL shortens with 
aging, have led to a hypothesized role for telomere shortening in 
human aging and age-related disease; however, the short TL 
threshold that is clinically relevant for disease risk is not known, 
and whether TL measurement can influence treatment decisions 
in clinical settings has not been determined.



The Most Common Test for Biological Age: Telomeres

Inherited deficiencies where telomere analysis 
is used in clinical diagnosis and to guide 
treatment include bone marrow failure, 
dyskeratosis congenita, aplastic anemia, acute 
myeloid leukemia, immune deficiencies, and 
pulmonary fibrosis. 

Since the number of cell replication in vivo 
increases with age, telomere length (TL) is 
negatively correlated with age of proliferating 
somatic cells. Meta-analysis of 124 
cross-sectional studies and 5 longitudinal 
studies showed that the correlation between 
leukocyte telomere length (LTL) and age 
ranges between r=-0.295 and r=-0.338 
across adults 



Telomere Summary

“Briefly, telomere 
length is extensively 
validated but has low 
predictive power.”



Leukocyte DNAmTL (telomere length) is 
applicable across the entire age spectrum and is 
more strongly associated with age than 
measured leukocyte TL (LTL) (r ~-0.75 for 
DNAmTL versus r ~ -0.35 for LTL). 

Leukocyte Telomere Length:
An Epigenetic Predictor

(accuracy/caveats) 



Epigenetic Leukocyte Telomere Length:
A More Accurate Predictor of Health Outcomes

DNAmTL outperforms LTL in predicting
- Time-to-death (p=2.5E-20)
- Time-to-coronary heart disease 

(p=6.6E-5)
- Time-to-congestive heart failure 

(p=3.5E-6)
- Association with smoking history 

(p=1.21E-17)

DNAmTL is not only an 
epigenetic biomarker of 
replicative history of cells, 
but a useful marker of 
age-related pathologies that 
are associated with it



Leukocyte Telomere Length:

Shorter LTL is associated with increased EEAA 
(r=-0.16, p=3.1x10-6). LTL is inversely related 
to proportions of memory CD8+ T cells 
(p=4.04x10-16) and positively related to 
proportions of naive CD8+ T cells.

Blood that contains more memory CD8+ T 
cells and less naive CD8+ T cells would display 
a relatively shorter LTL and older DNA 
methylation age.

EEAA is highly predictive of all-cause mortality. 
Epigenetic mortality risk is strongly associated 
with telomere length.



Better together!
From the previous slide we know that chronological clocks, phenotypic clocks, and telomere 
length don’t really correlate well with each other meaning they represent different processes. 

“Evidence that TL and epigenetic clock estimates are independent predictors of chronological 
age and mortality risk was obtained in the study by Marioni et al. (2018) performed in two 
Scottish cohorts aged from 70 to 90 years. 

In both cohorts studied, combined whole-blood TL and DNAm age explained more variance in 
age than each of them individually. In a combined cohort analysis, TL and DNAm age 
explained 2.8 and 28.5% of the variance in age, respectively, and jointly they explained 
29.5%. Also in a combined cohort, one standard deviation increase in a baseline DNAm age 
was associated with a 25% increased mortality risk (p < 0.001) while in the same model, one 
standard deviation increase in a baseline TL was independently associated with an 11% 
reduced mortality risk only (p = 0.05).”

https://internal-journal.frontiersin.org/articles/10.3389/fgene.2020.630186/full#B105


Glycans: Strength and Weaknesses 
Strengths Weaknesses

● Some Interventional Studies

● Commercially Validated Algorithms 
Available

● Many Different Reporting Insights

● Highly connected to many diseases

● Too modifiable by intervention

● No large scale validation studies

● No ICC values for individual markers >.80

● Lowest powered training dataset of any omic clocks (n= 
2217)

● Lower r2 than many other omics (Max .80)

● Not phenotypically trained

● Larger heritability estimates than methylation (39% 
versus 20% for newer clocks, 71% with age)



What are Glycans?

Glycans, also called 
polysaccharides, are 
carbohydrate-based polymers 
made by all living organisms.

They are sugar-based polymers 
that coat cells and decorate most 
proteins forming glycoproteins.  

Glycans are essential 
biomolecules serving structure, 
energy storage and system 
regulatory purposes. 



R2 is relatively low

This study on the glycan age index showed 
the max R2 to chronological age was .80. It 
also had the lowest training size of an 
biomarker at n= 2217. 

This could mean its R2 could get much better 
in larger cohorts. 



ICCs could be problematic 

It was hard to find any reproducibility 
data on GlycanAge and ICCs, however, 
the study above listed ICCs for most 
common glycan and none had an ICC 
above .80.  

Considering GlycanAge uses many of 
these, it might compound.  However, 
this has not been published or released 
and is speculation. 



Estrogen effects on GlycanAge

This study looked at estrogen deprivation and 
subsequent replacement with estrogen. Thus, it is not 
exactly similar to estrogen replacement due to 
menopause or age.  However, they were able to show 
that those with estrogen supplementation were not aged 
while those still with low estrogen levels aged 
approximately 9.5 years. 

In cohorts we have dual testing for, we often see major 
decreases in Glycan age with estrogen therapy often up 
to 20 years. 



No Large Scale Validation Studies to Disease

We could find no large scale 
study of the GlycanAge index to 
disease in large validation 
cohorts. 

Glycans are certainly an 
amazing biomarker and have 
shown associations to many 
other diseases. However, the 
GycanAge index is not as we 
validated. 



Metabolomics: Strength and Weaknesses 
Strengths Weaknesses

● High Hazard Ratios to Disease

● Validated Algorithms Available (not 
commercial)

● Many Different Reporting Insights

● No clocks commercially available
●
● Very few clocks with multiple 

interventional studies
●
● No clocks with interventional data or 

precision data



Metabolomic Clocks
What is the metabolome?

Metabolomics is the scientific study of chemical processes involving 
metabolites, the small molecule substrates, intermediates and 
products of metabolism. Specifically, metabolomics is the "systematic 
study of the unique chemical fingerprints that specific cellular 
processes leave behind", the study of their small-molecule metabolite 
profiles.

Metabolic profiling can give an instantaneous snapshot of the 
physiology of that cell, and thus, metabolomics provides a direct 
"functional readout of the physiological state" of an organism.

Relatively few studies have analyzed associations with age on the 
metabolome and they were conducted using different measurement 
techniques. Yu and colleagues used a targeted mass-spectrometry 
method identifying 131 metabolites in fasting serum, where 11 were 
independently associated with age in females after BMI adjustments 
(Yu et al., 2012). 

Later, the same groups combined analyses of non-targeted 
mass-spectrometry and age using the Metabolon platform (Menni et 
al., 2013). 



Metabolomic Clocks
In that study, 22 independent age-associated metabolites, 
mostly lipids and amino acids, were found. One selected 
metabolite, C-glyTrp, was associated with age-related traits 
such as lung function and hip bone mineral density after 
adjustments for age. In a study from 2016 by Hertel and 
colleagues, a proton nuclear magnetic resonance (H1 NMR) 
spectroscopy investigation in human urine samples quantified 
59 metabolites (Hertel et al., 2016). 

Construction of a Metabolic Age Score included all metabolites 
as predictors and age as the outcome. The metabolic age 
score was validated and replicated in two independent 
cohorts, and found to associate with clinical outcomes 
independent of age, e.g., kidney malfunction, high HbA1c 
levels, and hyperglyceridemia. Importantly, survival analysis 
showed that individuals in the first tertile of the score (lower 
biological age) had higher all-cause survival rates, and that 
the prediction added value over commonly known risk factors.



Proteomics: Strength and Weaknesses 

Strengths Weaknesses

● Well Powered Studies

● Validated Algorithms Available

● Many Different Reporting Insights

● DIA versus DDA Approach

● Targeted Versus untargeted

● Precision has been traditionally poor

● No clock which has been highly 
validated in large cohorts



Proteomics Clocks

“There were cases of substantial divergence between 
participants’ chronological and physiological age — 
for example, among the subjects in the LonGenity 
study, with their genetic proclivity toward 
exceptionally good health in what for most of us is 
advanced old age.

“We had data on hand-grip strength and cognitive 
function for that group of people,” Wyss-Coray. 
“Those with stronger hand grips and better measured 
cognition were estimated by our plasma-protein clock 
to be younger than they actually were.” 

However, the protein-derived age variable 
itself was not tested for associations with 
health outcomes.



Competitive Landscape | Leaders in Biological Age Testing
Platform 

Technology
Validation 

Studies
Commercially 

Available 
Published 

Algorithms

R2 to Age Hazard Ratio Response to Validated 
(non-disease) Aging 

Intervention

ICC Values Commercial 
Phenotypically 

Trained?

Summary

Methylation <100s for 
each clock >.999 in new  

clocks

Highest hazard ratios to 
all age related disease, 

best for mortality 
prediction

Yes, caloric restriction in CALERIE 
study with >2,000 Healthy patients

>.99 in 
Most  

Clocks

Some great low cost methods, not many 
commercially available, best methods require 

multiple data points, physical function 
measures, questionnaires.

Proteomics <5 for each 
clock Best = .98 (not 

available)
High hazard ratios to 
Stroke and Cancer ??

.79 Generally a promising scalable 
biomarker but currently very expensive 
Still less validated and less predictive 

than methylation clocks. No 
commercial option.

Metabolomics <5 for each 
clock

.86 Not well validated ?? .85-.93

Generally a promising scalable 
biomarker but expensive at the 

moment to get the data for all the 
clocks. Still less validated and less 
predictive than methylation clocks.

Telomeres >1,000
0.295 - 0.338 Worst aging hazard ratios

Adjusting for covariates & 
cytomegalovirus, we observed shorter 
blood mononuclear cell telomeres in 

the CR group (p = 0.012) .

.60-80 Extensively well validated 
but not highly predictive.

Glycans (proteomic) 30+

.645-.713
No large scale meta 
analysis to disease 

outcomes

There has be a single 
interventional study, however, 

not many separated from 
disease

??

Glycans look to be an amazing 
biomarker but Glycan age has 

few validation studies to disease. 
Might be too modifiable with 

therapy.

Blood based Analysis <20 for each 
clock .97 is best (ENABL) 

Most lower
Variable depending on method.  Some 
great methods but require expansive 

biomarkers. ??
<.80 due to 
many lab 
methods

Some great low cost methods, not many 
commercially available, best methods require 

multiple data points, physical function 
measures, questionnaires.



Company # of Age 
Outputs

Published 
Algorithms

Data 
Testing 

Size

Collection 
Method 

(Blood is only validated 
method)

Response 
to Validated 
(non-diseas

e) Aging 
Intervention

Immune 
Deconvolution?

ICC Values Hazard 
Ratios to 
Disease?

Generation 
Clock?

8 Approximately 
850k CpGs Blood All >.98 Best of any 

published 
methylation clock

2nd and 3rd

1
2,000 CpGs Blood

Saliva

Not Published Not Published 1st

1 Approximately 
350k CpGs Saliva Yale 

University
Not Published Not Published

1st

1
?? Saliva

Not Published Not Published 1st

1
300 CpGs Saliva

Not Published Not Published
1st

Tally Health 1
5,000 CpGs Saliva

Not Published Not Published
1st

Methylation Aging Test Landscape | Quick Comparison



Upcoming TruAge Improvements
1. We will remove 1st generation clocks entirely.

2. We will report aging of different organs directly.

3. We will have a senescence burden predictor.

4. All of our algorithms will be controlled with most advanced immune cell subsets. The 
Buck institute will also release an immune controlled algorithm soon!

5. We hope to offer causal and protective aging algorithms for causal information.

6. We will publish novel metabolomic and proteomic clocks and have methylation 
predictors of these. This will culminate in a comprehensive Multi-Omic aging clock 
trains for time until death and phenotypic aging. 



Feel free to contact me 
at Ryan@trudiagnostic.com

Questions?


